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(54) Stator for dynamoelectric machine and method of making the same 



(57) A stator for a dynamoelectric machine includes 
an annular stator core composed of a developed core 

(12) formed by stacking a number of steel sheets (12a), 
each steel sheet (12a) including a plurality of unit cores 

(13) each of which includes a unit yoke (14) and a mag- 
netic pole tooth (1 5) and which are sequentially con- 
nected together by connecting portions (13a) integral 



with the respective unit yokes (14), and a stator coil (18) 
wound on the magnetic pole teeth (1 8). Each unit yoke 
(1 4) has a circumferential end overlapping, in a direction 
of stacking of the steel sheets (12a), a circumferential 
end of the unit yoke (1 4) adjacent to said each unit yoke 
(14). 
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Description 

This invention relates to a stator for a dynamoelec- 
tric machine in which a plurality of continuous strip-like 
yoke portions each having an integrally formed mag- 
netic pole tooth are punched out of steel sheets, and a 
method of making such a stator. 

One of conventional ring-shaped stator cores for 
dynamoelectric machines comprises a plurality of 
divided unit cores combined together into a single ring- 
shaped core. Each unit core comprises a number of unit 
steel sheets stacked on one another. Each unit steel 
sheet includes a plurality of core regions continuous via 
flexible portions with one another. A predetermined 
number of unit cores and unit magnetic pole teeth are 
integrally formed in each of the core regions. The unit 
steel sheets are stacked into each unit core and bent at 
the flexible portions into an arcuate shape. Each unit 
core thus formed has a developed configuration in 
which the core regions are linearly continuous via the 
flexible portions, and accordingly, each unit core is sub- 
stantially linear rather than arcuate. Consequently, yield 
of the steel sheets is higher in the above-described unit 
steel sheet as compared with the case where each steel 
sheet is punched out into a ring-shaped, semicircular, 
quarter-circular or arcuate shape. 

In the above-described construction, however, the 
unit steel sheets have a number of portions connected 
to one another in order that the plurality of divided unit 
cores may be connected to one another into a single 
ring-shaped core. Furthermore, each unit steel sheet 
has a number of portions at which the unit yokes are 
abutted against each other. These connected portions 
and abutted portions each inevitably have a higher mag- 
netic resistance than portions at which the steel sheets 
are continuous to one another. Accordingly, the con- 
nected portions and abutted portions adversely affect 
magnetic properties of the stator yoke. Furthermore, it 
is not easy to connect the unit cores to one another so 
that each of the connected and abutted portions has a 
magnetic resistance as low as the other portions. Addi- 
tionally, one of conventional stator making methods 
requires a step of inserting into each of the magnetic 
pole teeth a mechanically wound stator core. In this 
method, the stator core has a large opening slot struc- 
ture for provision of spaces into which the coils are 
inserted. Large openings of the slots result in non-uni- 
formity of the torque developed by the dynamoelectric 
machine. 

Furthermore in the above-described method, the 
stator coil needs to be prevented from falling off or mov- 
ing in the slots after the insertion. The structure for pre- 
venting falling-off or movement of the stator coil has 
been desired to be achieved in an easy manner. 

Therefore, a primary object of the present invention 
is to provide a stator for the dynamoelectric machine in 
which the connected portions and abutted portions 
between the unit cores have a magnetic resistance as 



low as possible, whereas a high level of steel sheet 
punching yield is maintained, and, a method of making 
such a stator. 

Another object of the invention is to provide a stator 
5 for the dynamoelectric machine in which the non-uni- 
formity of the torque developed by the dynamoelectric 
machine can be reduced, and a method of making such 
a stator. 

Further another object of the invention is to provide 

10 a stator for the dynamoelectric machine in which the 
stator coil can readily be prevented from falling off or 
moving after insertion into the magnetic pole teeth, and 
a method of making such a stator. 

The present invention provides a stator for a 

is dynamoelectric machine which includes a stator core 
formed by stacking a number of steel sheets each of 
which is punched into a form in which a plurality of arcu- 
ate portions are approximately linearly developed via 
connecting portions, and further bending at the con- 

20 necting portions from a developed form into an arcuate 
form, characterized in that the stator core is formed into 
an annular shape and composed of a developed core 
formed by stacking a number of steel sheets, each steel 
sheet corresponding to one round of the stator core and 

25 including a plurality of unit cores each of which includes 
a unit yoke and a magnetic pole tooth and which are 
sequentially connected together by connecting portions 
integral with the respective unit yokes, and each unit 
yoke has a circumferential end overlapping, in a direc- 

30 tion of stacking of the steel sheets, a circumferential end 
of the unit yoke adjacent to said each unit yoke, and 
characterized by a stator coil wound on the magnetic 
pole teeth. 

According to the above-described stator, the devel- 

35 oped core has a reduced number of connecting por- 
tions, and the ends of the unit yokes abutting against 
each other are overlapped in the direction of stacking of 
the steel sheets. Consequently, an increase in the mag- 
netic resistance can be prevented. 

40 The invention also provides a method of making a 
stator for a dynamoelectric machine which includes a 
stator core formed by stacking a number of steel sheets 
each of which is punched into a form in which a plurality 
of arcuate portions are approximately linearly devel- 

45 oped via connecting portions, and further bending at the 
connecting portions from a developed form into an arcu- 
ate form, characterized by the steps of punching a 
number of steel sheets, each steel sheet corresponding 
to one round of the stator core and including a plurality 

so of unit cores each of which includes a unit yoke and a 
magnetic pole tooth and which are sequentially con- 
nected together by connecting portions integral with the 
respective unit yokes, stacking the steel sheets into a 
developed core, rounding the developed core at the 

55 connecting portions into an annular form, each unit yoke 
having a circumferential end overlapping, in a direction 
of stacking of the steel sheets, a circumferential end of 
the unit yoke adjacent to said each unit yoke, and wind- 
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ing stator coils on the respective magnetic pole teeth 
before or after the rounding step. 

in a preferred form of the above-described method, 
each magnetic pole tooth has a pair of protrusions • 
formed on both circumferential ends of a distal end s 
thereof to further protrude in a direction of protrusion of 
each magnetic pole tooth in the state of the developed 
core, and the coil is fitted with each magnetic pole tooth 
so as to pass the protrusions and subsequently, the pro- 
trusions are bent sidewise. 10 

According to the above-described method, the pro- 
trusions are bent sidewise after the coil has been 
inserted into each magnetic pole tooth. Consequently, 
since the width of slot opening between the magnetic 
pole teeth is reduced, non-uniformity in the torque can is 
be improved. Furthermore, since the protrusions are 
bent sidewise after the coil has been inserted into each 
magnetic pole tooth, the coil can be prevented from fall- 
ing off the magnetic pole tooth and freely moving along 
the tooth by the protrusions. 20 

In a further preferred form, the developed core is 
formed by overlapping at least first and second unit 
developed cores each formed by stacking the steel 
sheets to a predetermined thickness. Each magnetic 
pole tooth has a pair of protrusions formed on both cir- 25 
cumferential ends of a distal end thereof to further pro- 
trude in a direction of protrusion of each magnetic pole 
tooth in the state of the developed core. The paired pro- 
trusions of each magnetic pole tooth have lengths differ- 
ing from each other and further differing from each other 30 
between the first and second unit, developed cores. 
Consequently, the slots of the stator core are skewed so 
that the non-uniformity in the torque can be reduced. 

In further another preferred form, the paired protru- 
sions are bent by applying a guide jig to a central distal 35 
end of each magnetic pole tooth, applying a pair of 
forming jigs to both circumferential side end faces of 
each magnetic pole tooth, and moving the forming jigs 
in the direction of protruding of each protrusion so that 
the paired protrusions are brought down against both 40 
side faces of the guide jigs respectively, whereby the 
protrusions are bent in the direction of projection of 
each magnetic pole tooth. According to the method, a 
predetermined space between the paired protrusions 
can be ensured when the protrusions have been bent. 45 

In further another preferred form, each unit yoke 
includes both edges having inclinations differing from 
each other and the steel sheets are stacked with sides 
thereof being reversed alternately so that overlapped 
portions are formed in the direction of stacking. Accord- so 
ing to the method, the overlapped portions can be 
formed even when the same shape of developed cores 
are stamped out of the steel sheets. 

In further another preferred form, the coil is formed 
by rotating a coil winding shaft so that a magnet wire is 55 
fed to be wound, a manner of feeding the magnet wire 
includes a pitch feed pattern wherein the magnet wire is 
moved at a pitch approximately same as the diameter of 



every one turn with the coil winding shaft being stopped 
or reduced, and a lead feed pattern wherein the magnet 
wire is moved at a pitch approximately same as the 
outer diameter of the magnet wire for every one turn 
while the shaft is in rotation, and the magnet wire is 
wound in the pitch feed pattern in an initial winding 
stage. According to the method, the magnet wire can be 
wound without gap and in a row. This improves a space 
factor of the coil. 

The invention will be described, merely by way of 
example, with reference to the accompanying drawings, 
in which: 

FIG. 1 is a diagrammatic view of the stator in differ- 
ent continuous making steps for explaining the 
method of a first embodiment in accordance with 
the present invention; 

FIG. 2 is a plan view of the completed stator; 
FIG. 3 is a view of the unit core taken as viewed in 
the direction of arrow Y in FIG. 1 ; 
FIG. 4 is a partial sectional view of a bobbin and coil 
wound thereon; 

FIG. 5 is a longitudinally sectional side view of the 
bobbin and coil, showing a step in winding the coil; 
FIG. 6 is a schematic plan view of a coil winder; 
FIG. 7 is a schematic longitudinally sectional front 
view showing the winding of a magnet wire; 
FIG. 8 is a schematic front view showing the wind- 
ing of the magnet wire; 

FIGS. 9 and 10 are partial sectional views of the 

magnet wire, showing the steps of different portions 

of the magnet wire respectively; 

FIGS. 1 1 and 12 are partial plan views of the stator 

of a second embodiment in different manufacturing 

steps; 

FIGS. 13 and 14 are partial plan views of the stator 
of a third embodiment in different manufacturing 
steps; 

FIGS. 1 5 and 16 are partial plan views of the stator 
of a fourth embodiment in different manufacturing 
steps; 

FIGS. 1 7 and 18 are partial plan views of the stator 
of a fifth embodiment in different manufacturing 
steps; 

FIGS. 1 9 to 21 are partial plan views of the stator of 
a sixth embodiment, in different manufacturing 
steps; 

FIG. 22 is a plan view of the steel sheet, showing 

stamping of the developed core; 

FIGS. 23 to 25 are partial plan views of the stator of 

a seventh embodiment in different manufacturing 

steps; 

FIGS. 26 and 27 are partial plan views of the stator 
of an eighth embodiment in different manufacturing 
steps; 

FIGS. 28 and 29 are partial plan views of the stator 
of a ninth embodiment in different manufacturing 
steps; 



:P 0871282A1_I_> 



EP0 871 282 A1 



FIGS. 30 to 32 are partial plan views of the stator of 
a tenth embodiment in different manufacturing 
steps; 

FIG. 33 is a partial perspective view of the devel- , 
oped core; 

FIG. 34 is a plan view of the core shown in FIG. 33; 
FIG. 35 is a plan view of the completed stator of the 
tenth embodiment; 

FIG. 36 is a view of the unit core taken as viewed in 

the direction of arrow X in FIG. 35; 

FIG. 37 is a partial plan view of the developed core 

of an eleventh embodiment; 

FIG. 38 is a view similar to FIG. 23, showing the 

stator of the eleventh embodiment; 

FIG. 39 is a perspective view of the magnetic pole 

tooth of the stator of a twelfth embodiment with a 

guide jig and forming jigs arranged therearound; 

FIG. 40 is a side view of the magnetic pole tooth 

shown in FIG. 39; 

FIGS. 41 to 43 are plan views explaining steps of 
bending the protrusion in the twelfth embodiment; 
FIGS. 44 and 45 are perspective views of the mag- 
netic pole tooth of the stator of a thirteenth embod- 
iment, showing the forming steps by means of a 
guide jig and forming jigs; 

FIGS. 46 to 48 are views similar to FIGS. 44 and 45, 
showing a fourteenth embodiment; 
FIG. 49 is a plan view of the completed stator of a 
fifteenth embodiment; 

FIGS. 50 to 52 are partial plan views of the stator 
shown in FIG. 49, showing the different manufactur- 
ing steps; 

FIGS. 53 to 56 are views similar to FIGS. 50 to 52, 
showing a sixteenth embodiment; 
FIG. 57 is a plan view of the completed stator of a 
seventeenth embodiment; 

FIGS. 58 and 59 are partial plan views of the stator 
of the seventeenth embodiment, showing the differ- 
ent manufacturing steps; 

FIG. 60 is a plan view of the steel sheet, showing 
stamping of the developed core; 
FIGS. 61 to 64 are partial plan views of the stator of 
an eighteenth embodiment, showing the different 
manufacturing steps; 

FIG. 65 is a partial plan view of the developed core 
of a nineteenth embodiment; 
FIG. 66 is a partial plan view of the developed core 
of a twentieth embodiment; 

FIG. 67 is a plan view of the completed stator or a 
twenty-first embodiment; 

FIGS. 68 to 71 are partial plan views of the stator of 
the twenty-first embodiment, showing the different 
manufacturing steps; 

FIGS. 72 to 75 are partial plan views of the stator of 
a twenty-second embodiment, showing the different 
manufacturing steps; 

FIGS. 76 to 79 are partial plan views of the stator of 
a twenty-third embodiment, showing the different 
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manufacturing steps; 

FIG. 80 is a partial plan view of the developed core 
of a twenty-fourth embodiment; 
FIG. 81 is a plan view of the steel sheet, showing 
stamping of the developed core; 
FIG. 82 is a partial plan view of the developed core 
of a twenty-fifth embodiment; 
FIG. 83 is a partial plan view of the developed core 
of a twenty-sixth embodiment; 
FIGS. 84 to 87 are partial plan views of the stator of 
a twenty-seventh embodiment, showing the differ- 
ent manufacturing steps; 

FIG. 88 is a view similar to FIG. 1 , showing the sta- 
tor of a twenty-eighth embodiment; 
FIGS. 89 and 90 are a plan view of the stator, show- 
ing an initial stage of the coil winding, and a trans- 
verse section of the stator, showing the completed 
coil winding respectively; 

FIG. 91 is a circuit diagram showing wire bound of 
the coils; 

FIG. 92 is a longitudinal section of the stator to 

which the falling-off preventing pin is attached; 

FIG. 93 is a plan view of the stator core; 

FIG. 94 is a plan view of the stator; 

FIG. 95 is a plan view of the bobbin used in a 

twenty-ninth embodiment; 

FIG. 96 is a view taken as viewed in the direction of 
arrow A in FIG. 95; 

FIG. 97 is view similar to FIG. 95, showing a thirti- 
eth embodiment; 

FIG. 98 is a view similar to FIG. 94, showing a 
thirty-first embodiment; 

FIG. 99 is a partial plan view of the developed core 
in the thirty-first embodiment; 
FIG. 100 is a side view of stacked core lap portion; 
FIG. 101 is a view similar to FIG. 93, showing the 
theory-first embodiment; 

FIG. 102 is a view similar to FIG. 99, showing a 
thirty-second embodiment; and 
FIG. 103 is a view similar to FIG. 101, showing a 
thirty-third embodiment. 

A first embodiment of the present invention will be 
described with reference to FIGS. 1 to 10. Referring first 
to FIG. 2, a stator 1 for a dynamoelectric machine of the 
inner rotor type is shown. Procedures for manufacturing 
the stator 1 will be described. A developed core 12 as 
shown in FIG. 1 is formed by stacking a number of steel 
sheets 12a (see FIG. 3 which is a view taken in the 
direction of arrow Y in FIG. 1). The developed core 12 
comprises six unit cores 13 connected together by plas- 
tically defbrmable connecting portions 13a. Each unit 
core 13 comprises an arcuate unit yoke 14 and a mag- 
netic pole tooth 15 formed integrally with the unit yoke 
14 projecting from an inner circumferential face toward 
the center of rotation. 

Each tooth 15 has a pair of protrusions 16 protrud- 
ing from circumferential ends of a distal end thereof in 
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the direction of projection of the tooth. Each protrusion 
16 has a generally V-shaped recess 16a formed in a 
joint portion thereof. An outer width A between the pro- 
trusions 16 is set to be approximately equal to or 
smaller than the width of the tooth 15. 5 

A bobbin 17 has a stator coil 18 wound thereon as 
will be described later. The bobbin 1 7 includes a square 
cylindrical winding drum 17a having a rectangular sec- 
tion elongated in a direction of stacking of the steel 
sheets, as shown in FIG. 5. The drum 17 has two 10 
flanges 1 7b and 1 7c formed or both axial ends thereof. 
The rotor side flange 17b has a flat face opposed to a 
rotor. The yoke side flange 17c has an outer face with 
an arcuate transverse section corresponding to the 
inner circumferential face of each unit yoke 1 4. 15 

Each bobbin 17 is fitted with the corresponding 
tooth 1 5 so as to pass the protrusions 1 6. The protru- 
sions 16 are pressed by an arcuate pressing face of a 
punch P so as to be bent sidewise. Consequently, the 
distal end of each tooth 1 5 and protrusions 1 6 form a 20 
continuous arcuate face. Thereafter, the developed core 
12 is bent at the connecting portions 13a between the 
unit cores 13 with the bobbins 17 being fitted with the 
respective magnetic pole teeth 15, so that the core 12 is 
rounded. Both ends of the developed core 12 are then 25 
welded together, for example. As a result, an annular 
stator core 1 1 as shown in FIG. 2 is manufactured. In a 
completed state of the stator core 1 1 , long sides of the 
winding drums 1 7a are adjacent to one another. 

The stator coil 18 is wound in the following manner. 30 
Referring to FIG. 4, a section of the wound coil 18 is 
shown. The coil 18 is wound so that an outermost face 
of the wound coil layer is inclined at an angle of 60 
degrees to the bottom of the winding drum 17a. FIG. 6 
illustrates a coil winding machine 1 9 for winding the coil 35 
1 8. The coil winding machine 19 comprises a coil wind- 
ing shaft 20 and a drive motor 21 for driving the coil 
winding shaft 20. The bobbin 17 is attached to the coil 
winding shaft 20. The coil winding machine 19 further 
comprises a feed mechanism 22 including a feed guide 40 
23 provided with guide rollers 23a and a feed motor 24 
reversibly rotated so that the feed guide 23 is moved in 
the direction of arrow C or in the opposite direction of 
arrow D in parallel with the coil winding shaft 20 as 
shown in FIG. 6. 45 

In the machine 19, the feed guide 23 is moved so 
that the magnet wire 18a is fed in the direction of arrow 
C or D, whereas the coil winding shaft 20 is rotated. A 
feed pattern of the magnet wire 18a includes a pitch 
feed pattern wherein the magnet wire 18a is moved at a so 
pitch approximately same as the diameter of every one 
turn with the shaft 20 being stopped or reduced, and a 
lead feed pattern wherein the magnet wire 1 8a is moved 
at a pitch approximately same as the outer diameter of 
the magnet wire 18a for every one turn while the shaft 55 
20 is in rotation. In the embodiment, the magnet wire 
18a is wound in the pitch feed pattern for initial first and 
second turns and final first and second turns of the 
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overall wound coil layer, and otherwise, the magnet wire 
18a is wound in the lead feed pattern. The magnet wire 
18a is wound in the following manner particularly when 
the wire is wound on the previously wound first layer 
(step-up), namely, when the magnet wire 18a is trans- 
ferred from a winding location as shown by numeral 6 in 
FIG. 4 to a winding location 7, which is a first winding 
location of a second layer. That is, after the magnet wire 
1 8a is wound to the winding location 6, the winding shaft 
20 is stopped and the feed guide 23 is fed by three 
pitches in the direction of arrow D as shown in FIG. 7. 
The location of the feed guide 23 thus fed is shown by 
reference symbol d1 in FIG. 7. Subsequently, the shaft 
20 is rotated within 90 degrees and then returned by 2 
or 2.5 pitches in the direction of arrow C such that the 
feed guide 23 assumes a location d2 away from the 
winding location 6 by one or one half pitch in the direc- 
tion of arrow D. Consequently, the portion of the magnet 
wire 18a corresponding to the winding location 7 is reli- 
ably positioned between the winding locations 5 and 6 
of the first layer. 

Furthermore, when the magnet wire 18a is trans- 
ferred from the winding location 17 to the winding loca- 
tion 18 of the subsequent layer in FIG. 4, the wire is fed 
by two pitches in the direction of arrow D in the pitch 
feed pattern so that the magnet wire 18a is stepped up 
to a second turn. Thus, the coil 1 8 is wound so that the 
outermost face of the wound coil layer is inclined at an 
angle of 60 degrees to the bottom of the winding drum 
17a. The outermost face is inclined in order that the 
number of turns of the coil may be increased without cir- 
cumferential interference between the coils 18 in the 
completed state of the stator 1 1 . 

The coil 18 is stepped up to its short side at the 
flange 17b side and the flange 17c side (a short side of 
the drum 17a of the bobbin 17). The stepped up por- 
tions are shown by reference symbol 18b in FIGS. 5 and 
8. 

According to the above-described embodiment, 
each magnetic pole tooth 15 has the sidewise or cir- 
cumferential protruding protrusions 16 at the distal end 
thereof. Consequently, since the magnetic flux is cir- 
cumferentially uniformly distributed in the gap between 
the stator 1 1 and a rotor (shown by two dot chain line in 
FIG. 2), the motor characteristics can be improved, for 
example, the non-uniformity of the motor torque can be 
reduced. 

The protrusions 16 prevent the insertion of each 
bobbin 17 into the corresponding magnetic pole tooth 
15. This problem, however, can be solved in the follow- 
ing manner. The protrusions 1 6 are previously formed at 
the distal end of each magnetic pole tooth of the devel- 
oped core so as to protrude in the direction of projection 
of each tooth during the manufacturing step of the 
developed core. In this state, each bobbin 1 7 can be fit- 
ted with the corresponding tooth 15. Since each bobbin 
1 7 is fitted with the corresponding tooth 1 5 so as to pass 
the protrusions 16 and thereafter, the protrusions 16 are 
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bent to project sidewise, each bobbin 17 can readily be 
fitted with the corresponding tooth 15 to thereby be pre- 
vented from falling off the too 1 5 at the same time. Con- 
sequently, the stator 1 1 can be manufactured without 
any problem. 

Furthermore, the magnet wire 18a is wound in the 
pitch feed pattern for the initial first and second turns 
and final first and second turns of each wound coil layer, 
and otherwise, the magnet wire 18a is wound in the lead 
feed pattern. Accordingly, the magnet wire 18a is wound 
without gap and in a row in all the wound coil layers. 
This improves a space factor and accordingly, the motor 
efficiency. Since the magnet wire 18a is wound in a row 
without gap particularly in the first wound coil layer, the 
magnet wire enters the concave portions between the 
turns of the wound magnet wire in the winding of the 
subsequent wound coil layer as shown in FIG. 9. Con- 
sequently, the magnet wire 18a can be wound in a row 
without gap in all the layers. The winding drum of each 
bobbin is conventionally formed with semicircular 
grooves so that the turns of the magnet wire is in a row. 
However, this complicates the manufacture of the bob- 
bins and cannot cope with the case where the outer 
diameter of the magnet wire has been changed. In the 
foregoing embodiment, the first wound coil layer can be 
wound in a row without gap by the above-described 
step-up method. Thus, the foregoing embodiment 
requires no grooves in each bobbin and can cope with 
the case where the outer diameter of the magnet wire 
has been changed. 

Furthermore, the coil 18 is stepped up or trans- 
ferred to the subsequent Layer at the short side thereof 
where the wound coils are not adjacent to each other. 
This can prevent interference of the wound coils result- 
ing from expansion due to the step-up. That is, the over- 
lapped portions are as shown in FIG. 10 when the 
magnet wire 18a is stepped up to the subsequent layer. 
The other portions are overlapped as shown in FIG. 9. 
The relation between the thickness n2 of the overlapped 
portions in FIG. 9 and the thickness nl of the over- 
lapped portions in FIG: 10 is shown by n2<n1 . Although 
the coil interference would take place when the step-up 
of the coil resulting in the portion shown in FIG. 10 is 
carried out at the long side of the wound coil, this incon- 
venience can be prevented in the foregoing embodi- 
ment. 

In the embodiment, as described above, the mag- 
net wire 18a is wound in the pitch feed pattern for the 
initial first and second turns and final first and second 
turns of each wound coil layer, and otherwise, the mag- 
net wire 1 8a is wound in the lead feed pattern. However, 
the magnet wire may be wound in the pitch feed pattern 
at the beginning of the winding of the magnet wire 18a 
and otherwise, the magnet wire may be wound in the 
lead feed pattern. In this case, too, the turns of the mag- 
net wire 18a can be wound in a row. 

Furthermore, the entire first wound coil layer may 
be wound in the pitch feed pattern. Consequently, since 



the magnet wire 18a is further wound in a row without 
gap, the space factor can be improved and accordingly, 
the motor efficiency can be improved. Additionally, the 
first wound coil layer of the magnet wire 18 can reliably 
5 be wound in a row. 

FIGS. 11 and 12 illustrate a second embodiment of 
the present invention. The V-shaped recesses 16a 
formed in the respective protrusions 16 in the first 
embodiment are eliminated in the second embodiment. 
10 The other construction of the stator in the second 
embodiment is the same as that in the first embodiment. 
Consequently, substantially the same effect can be 
achieved in the second embodiment as in the first 
embodiment. 

is FIGS. 1 3 and 1 4 illustrate a third embodiment of the 
invention. In the third embodiment, each protrusion 16 
is tapered when viewed axially with respect to the rotor. 
The flange 1 7b of each bobbin 17 has a rotor side face 
17bA which is inclined to be curved over the entirety 

20 thereof. The protrusions 16 of each unit yoke 14 are 
expanded to be bent sidewise after each bobbin 17 has 
been fitted with the corresponding magnetic pole tooth 
15. The protrusions 16 are rendered approximately 
arcuate by the inclined face 17bA of the flange 17b of 

25 each bobbin 1 7. 

FIGS. 15 and 16 illustrate a fourth embodiment of 
the invention. The fourth embodiment differs from the 
first embodiment in. that each of the protrusions 16 has 
an inner face previously formed into an arcuate shape 

30 such that a generally elliptic shape with a small curva- 
ture is formed in combination of the two protrusions. 
After each bobbin 17 has been fitted with the corre- 
sponding tooth 1 5, the protrusions 16 are expanded and 
then pressed against the flat flange 1 7b of the bobbin 1 7 

35 such that the rotor side faces of the protrusions 1 6 are 
bent into an arcuate shape by themselves. 

FIGS. 1 7 and 18 illustrate a fifth embodiment of the 
invention. The protrusions 16 form a generally elliptic 
shape in their opposite state and have abutting projec- 

40 tions 16b previously formed on the distal ends thereof 
respectively. In the fifth embodiment, too, the protru- 
sions 16 are bent into the arcuate shape by themselves 
when bent sidewise. 

FIGS. 19 to 22 illustrate a sixth embodiment of the 

45 invention. Each magnetic pole tooth 1 5 of the developed 
core 1 2 has the protrusions 31 each of which is formed 
on the opposite sides of the distal end thereof at an ini- 
tial stage of the manufacture so as to protrude circum- 
ferentially sidewise from the tooth 15. Thereafter, the 

so protrusions 31 are bent in the direction of projection of 
the tooth 15 by a suitable former (not shown). Subse- 
quently, each bobbin 17 is fitted with the corresponding 
tooth 15 so as to pass the protrusions 31 formed as 
described above. The protrusions 31 are bent sidewise. 

55 FIG. 21 shows the bobbin completely fitted with the 
tooth 15. The developed core 12 is then rounded and 
both ends thereof are connected together. 

According to the sixth embodiment, the protrusions 
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31 are formed on the opposite sides of the distal end 
thereof at the initial stage of the manufacture so as to 
protrude circumferentially sidewise from the tooth 15. 
As understood from FIG. 22, accordingly, the protru- 
sions 31 are prevented from being elongated in the 5 
direction of projection of the tooth 15 when the unit 
yokes are formed on the steel sheet 32. Consequently, 
the yield of the steel sheet 32 can be improved in the 
punching. 

The protrusions 31 prevent the fitting of each bob- 10 
bin 1 7 with the corresponding tooth 1 5 at a stage shown 
in FIG. 19. This poses a problem. In the sixth embodi- 
ment, however, the unit yokes 1 4 are stacked and the 
protrusions 31 are bent in the direction of projection of 
the tooth 1 5. Thereafter, each bobbin 1 7 is fitted with the is 
corresponding tooth 15 so as to pass the protrusions 
31 . Consequently, the above-described problem can be 
overcome. Furthermore, each magnetic pole tooth 15 
has the sidewise or circumferentially protruding protru- 
sions 31 at the distal end thereof. Consequently, since 20 
the magnetic flux is circumferentially uniformly distrib- 
uted in the gap between the stator and the rotor, the 
motor characteristics can be improved, for example, the 
non-uniformity of the motor torque can be reduced. 

FIGS. 23 to 25 illustrate a seventh embodiment 25 
The seventh embodiment differs from the sixth embodi- 
ment in that two notches 33 are formed in the boundary 
between the protrusions 31 and each magnetic pole 
tooth 15 so as to correspond to the protrusions respec- 
tively at the initial stage of manufacture and subse- 30 
quently, the protrusions 31 are formed to protrude 
circumferentially. 

The following effect can be achieved from the sev- 
enth embodiment. Without the notches 33, when the 
protrusions 31 protruding circumferentially are bent in 35 
the direction of projection of the tooth 15, the protru- 
sions would be difficult to bend such that the outer width 
between the protrusions 31 would be rendered larger 
than the width of the tooth 15, whereupon each bobbin 
17 would be difficult to fit with the corresponding tooth 40 
15. In the seventh embodiment, however, the notches 
33 are formed in the boundary between the protrusions 
31 and each magnetic pole tooth 15. Accordingly, since 
the protrusions 31 are desirably bent at the joint por- 
tions thereof, the outer width between the protrusions 45 
31 can be prevented from being rendered larger than 
the width of the tooth 15, and each bobbin 17 can relia- 
bly be fitted with the corresponding tooth 15. 

FIGS. 26 and 27 illustrate an eighth embodiment. 
The rotor side face 1 7bA of the flange 1 7b of each bob- so 
bin 1 7 is formed into an arcuate shape. After each bob- 
bin 1 7 has been fitted with the corresponding magnetic 
pole tooth 15; the protrusions 16 are expanded and 
pressed against the arcuate face 1 7bA so as to be bent 
sidewise. Although substantially flat in its shape, each ss 
protrusion 31 is bent by the arcuate face 17b A into an 
accurate arcuate shape. In this case, the arcuate face 
17bA of the flange 17b and each protrusion 31 may be 



bonded together. Furthermore, when the protrusions 16 
are expanded and pressed against the arcuate face 
17bA, the protrusions may excessively be thrust in so 
that a resultant springback renders the protrusions 16 
arcuate, as shown in FIG. 28 as a ninth embodiment. 
FIG. 29 shows the completed form of the protrusions 
16. 

FIGS. 30 to 36 illustrate a tenth embodiment. First, 
second and third developed cores 12A, 12B and 12C 
are provided as the developed core 12 as shown in 
FIGS. 30 to 33. The first developed core 12A has a pair 
of protrusions 16AL and 16AR. The protrusion 16AL is 
longer than the protrusion 16AR. The second devel- 
oped core 12B has a pair of protrusions 16BL and 
16BR. The protrusion 16BL is approximately as long as 
the protrusion 16BR and is set to have a length interme- 
diate between the protrusions 16AL and 16AR. The 
third developed core 12C has a pair of protrusions 16CL 
and 16CR. The protrusion 16CL is shorter than the pro- 
trusion 16CR. The protrusion 16CL is as long as the 
protrusion 16AR, and the protrusion 16CR is as long as 
the protrusion 16AL 

The first, second and third developed cores 12A, 
12B and 12C are axially stacked in this order as shown 
in FIGS. 33 and 34. Subsequently, after each bobbin 17 
has been fitted with the corresponding magnetic pole 
tooth 15, the protrusions 16AL, 16AR, 16BL 16BR, 
16CLand 16CR are bent sidewise (circumferentially) by 
a suitable former (not shown) in the state shown in FIG. 
34. The developed cores 12A, 12B and 12C are then 
rounded together and both ends of the cores are con- 
nected together as shown in FIG. 35. Consequently, the 
protrusions 16AL, 16AR, 16BL, 16BR, 16CLand 16CR 
are axially skewed stepwise as shown in FIG. 36 such 
that slots of the stator core are skewed. 

FIGS. 37 and 38 illustrate an eleventh embodiment. 
The developed core 12 comprises a number of steel 
sheets 32 stacked one upon another. The steel sheets 
32 have respective lengths different in the direction of 
stacking. Furthermore, the lengths of the protrusions 
16L are set to sequentially become smaller in the direc- 
tion of stacking, whereas the lengths of the protrusions 
16R are set to sequentially become larger. Conse- 
quently, the slots of the stator core are continuously 
skewed. 

FIGS. 39 to 43 illustrate a twelfth embodiment. The 
twelfth embodiment provides a manner of bending the 
protrusions 31 from the circumferential! y protruding 
state to the bent state in the direction of projection of the 
magnetic pole tooth 15. A guide jig 41 is applied to the 
central distal end of the tooth 15. The guide jig 41 has 
two push portions 41a holding therebetween both side 
ends of the tooth 15 in the direction of stacking. Further- 
more, a pair of forming jigs 42 each comprising a roller 
are applied to the both side ends of the tooth 15. A 
receiving jig 43 receives the outer diameter side face of 
the developed core 12. 

The guide jig 41 is applied to the central distal end 
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of the tooth 15, and both side ends of the tooth 15 are 
held between the push portions 41a. In this state, the 
forming jigs 42 are moved in the direction of arrows in 
FIG. 41 or in the direction of projection of the tooth 1 5 so 
that the paired protrusions 31 are brought down against 
both side faces of the guide jigs 41 respectively so that 
the protrusions 31 are bent in the direction of projection 
of the tooth 15. 

The following effect can be achieved from the 
above-described construction. The forming jigs 42 are 
moved with the forming jigs 41 being applied to the cen- 
tral distal end of the tooth 15 so that the pair of protru- 
sions 16 are brought down against both side faces of 
the guide jigs 41 respectively. Consequently, the protru- 
sions 16 are desirably formed. Furthermore, since the 
outer width between the protrusions 16 is prevented 
from being larger than the width of the tooth 15, each 
bobbin 17 can be fitted with the corresponding tooth 15 
without any problem. Additionally, since both ends of the 
tooth 15 are held between the push portions 41a of the 
tooth 1 5, the tooth can be prevented from being spread 
in the direction of stacking. 

FIGS. 44 and 45 illustrate a thirteenth embodiment. 
In the thirteenth embodiment, the push portions 41a 
hold both side ends of the protrusions 31 in the direction 
of stacking as well as both ends of the tooth 15. Conse- 
quently, each tooth 15 and the protrusions 31 can be 
. prevented from being spread in the direction of stacking. 

FIGS. 46 to 48 illustrate a fourteenth embodiment. 
The fourteen embodiment differs from the twelfth 
embodiment in that the guide jig 41 is tapered so as to 
be gradually narrower in the direction of projection of 
the tooth 15. The tapered portions are represented by 
the reference symbol 41b. Consequently, the pair of pro- 
trusions 16 are bent so as to become narrower and 
accordingly, each bobbin 17 can readily be fitted with 
the corresponding tooth 15. 

FIGS. 49 to 52 illustrate a fifteenth embodiment. 
The invention is applied to the stator 51 of a dynamoe- 
lectric machine of the outer rotor type. The developed 
core 52 includes six unit cores 53 connected to one 
another by the connecting portions 53a. Each unit core 
53 comprises an arcuate unit yoke 54 and a magnetic 
pole tooth 55 formed integrally with the unit yoke 54 pro- 
jecting from an inner circumferential face toward the 
center of rotation. 

Each tooth 55 has a pair of protrusions 56 protrud- 
ing from circumferential ends of a distal end thereof in 
the direction of projection of the tooth. Each protrusion 
56 has a generally V-shaped recess 56a formed in a 
joint portion thereof. A bobbin 57 has a stator coil 58 
wound thereon. 

Each bobbin 57 is fitted with the corresponding 
tooth 55 so as to pass the protrusions 56. The protru- 
sions 56 are pressed by an arcuate pressing face of a 
punch (not shown) so as to be bent sidewise. Conse- 
quently, the distal end of each tooth 55 and protrusions 
56 form a continuous arcuate face. Thereafter, the 



developed core 52 is rounded and both ends of the 
developed core 52 are then connected together. As a 
result, a stator 51 is manufactured. The same effect can 
be achieved in the fifteenth embodiment as in the first 
5 embodiment though the invention is applied to the stator 
51 for the dynamoelectric machine of the outer rotor 
type. 

FIGS. 53 to 56 illustrate a sixteenth embodiment. 
Each magnetic pole tooth 55 of the developed core 52 

w has the protrusions 61 each of which is formed on the 
opposite sides of the distal end thereof at an initial stage 
of the manufacture so as to protrude sidewise from the 
tooth 55. Two notches 62 are also formed in the bound- 
ary between the protrusions 61 and each magnetic pole 

15 tooth 55 so as to correspond to the protrusions respec- 
tively at the initial stage of manufacture. Thereafter, the 
protrusions 61 are bent in the direction of projection of 
the tooth 55 by a suitable former (not shown). Subse- 
quently, each bobbin 57 is fitted with the corresponding 

20 tooth 55 so as to pass the protrusions 61 formed as 
described above. The protrusions 61 are bent sidewise. 
FIG. 21 shows the bobbin completely fitted with the 
tooth 15. The developed core 12 is then rounded and 
both ends thereof are connected together. 

25 According to the above-described construction, the 
same effect can be achieved in the sixteenth embodi- 
ment as in the sixth and seventh embodiments though 
the invention is applied to the stator for the dynamoelec- 
tric machine of the outer rotor type. 

30 FIGS. 57 to 60 illustrate a seventeenth embodi- 
ment. The invention is applied to the stator 71 for the 
dynamoelectric machine of the inner rotor type. The 
developed core 72 includes six unit cores 73 connected 
to one another by the connecting portions 73a. Each 

35 unit core 73 comprises an arcuate unit yoke 74 and a 
magnetic pole tooth 75 formed integrally with the unit 
yoke 74 projecting from an inner circumferential face 
toward the center of rotation. A portion 74a of each unit 
yoke 74 in the vicinity of the joint portion of the tooth 75 

40 is formed into a flat shape. FIG. 60 shows the steel 
sheet out of which the developed cores 72 are to be 
punched. 

The bobbin 76 is fitted with each tooth 75 and has 
the coil 77 wound thereon. After each bobbin 76 is fitted 

45 with the corresponding tooth 75, the developed core 72 
is rounded and both ends thereof are connected 
together. The stator 71 is thus manufactured. 

Since each unit yoke 74 has the flat portion 74a in 
the vicinity of the joint portion of the tooth 75, a yoke 

so width YW (see FIG. 58) is increased and accordingly, 
the sectional area of a portion where magnetic flux joins 
another magnetic flux to flow toward the tooth 75 is 
increased. Consequently, a required area of the yoke 
can be ensured without changes in the entire size of the 

55 stator and accordingly, the magnetic resistance can be 
reduced. 

FIGS. 61 to 64 illustrate an eighteenth embodiment. 
The eighteenth embodiment differs from the seven- 
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teenth embodiment in that a pair of protrusions 78 are 
formed in the distal end of each magnetic pole tooth 75. 
In the eighteenth embodiment, the stator 71 is manufac- 
tured in the same manner as in the sixth embodiment 
(see FIGS. 19-22), as sown in FIGS. 62 to 64. FIG. 61 5 
shows the steel sheet out of which the developed cores 
72 are punched. Since the yoke width YW is increased 
in the eighteenth embodiment, the yield of the steel 
sheet can be improved in the punching as compared 
with the six embodiment, and uniformity of the magnetic 
flux can be enhanced. 

FIG. 65 illustrates a nineteenth embodiment. The 
portion 74a of each unit yoke 74 in the vicinity of the 
joint portion of the tooth 75 is formed into a flat shape. 
Arcuate portions slightly remain in both ends of the por- 
tion 74a respectively. The nineteenth embodiment is 
suitable for the case where each bobbin 76 has a larger 
length. 

FIG. 66 illustrates a twentieth embodiment. An 
angle Ka between the tooth 75 and the flat portion 74a 
is set at or above 90 degrees. As a result, the magnetic 
resistance can further be reduced. 

FIGS. 67 to 75 illustrate a twenty-first embodiment. 
The stator 81 shown in FIG. 67 is manufacture as fol- 
lows. The developed core 82 shown in FIG. 70 is formed 
by stacking the steel sheets 82a one of which is shown 
in FIG. 68. Each steel sheet 82a includes unit core 
pieces 82e which are connected together and each of 
which comprises a unit yoke piece 82b, a magnetic pole 
tooth piece 82c and protrusion pieces 82d. In each steel 
sheet 82a, each unit yoke piece 82b is formed so that 
both side end faces have inclination angles (a and p) 
differing from each other. The steel sheets 82a are 
stacked with the sides thereof being reverse alternately, 
as shown in FIGS. 68 to 70, whereupon the ends of the 
unit cores 82e are overlapped with slippage. 

Referring to FIG. 70, by stacking the steel sheets 
82a, the developed core 82 is formed, and the unit cores 
83, unit yokes 84, magnetic pole teeth 85, protrusions 
86 and connecting portions 83a are formed. In the state 
shown in FIG. 70, the protrusions 86 are bent so as to 
protrude in the direction of projection of the tooth 85 as 
shown by two dot chain line. Thereafter, the bobbin 88 is 
fitted with the tooth 85 and the protrusions 86 are then 
bent sidewise. The developed core 82 is then rounded 
and both ends thereof are connected together. 

According to the twenty-first embodiment, the steel 
sheets are stacked into the developed core 82 so that 
the ends of the unit cores 83 are overlapped with slip- 
page. Accordingly, in the completed state of the stator 
81, the ends of the adjacent unit cores 83 are over- 
lapped in the direction of stacking in mesh engagement 
with each other. Consequently, the magnetic resistance 
can be reduced. More specifically, if the sheet ends of 
the unit cores are overlapped without slippage, the unit 
cores are abutted against one another when the devel- 
oped core is rounded. Consequently, the magnetic 
resistance is increased at the connected portion of each 
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unit core. In the above^described embodiment, how- 
ever, the sheet ends of the unit cores 83 of the devel- 
oped core 82 are overlapped in mesh engagement with 
each other. Consequently, since a contact area of each 
connected portion is increased, the magnetic resistance 
can be reduced at each connected portion. Moreover, 
the steel sheets 82a are stacked with the sides thereof 
being reversed alternately so that the ends of the unit 
cores 82e are overlapped with slippage. As a result, 
since the steel sheets 82 with the same shape are man- 
ufactured, the manufacturing efficiency can be 
improved and accordingly, the manufacturing cost can 
be reduced. 

Each unit yoke piece 82b may have a V-shaped 
projection 82t formed on an inner circumferential side 
end thereof as shown in FIGS. 72 to 75 as a twenty-sec- 
ond embodiment. In this case, the steel sheets 82a are 
stacked with the sides thereof being reversed alter- 
nately as shown in FIG. 74. The ends of the unit yoke 
pieces 82b are overlapped without gap when the steel 
sheets 82a are rounded. Furthermore, each unit yoke 
piece 82b may have two V-shaped projections 82ta and 
82tb formed on both inner circumferential side ends 
thereof respectively as shown in FIGS. 76 to 79 as a 
twenty-third embodiment. 

FIGS. 80 and 81 illustrate a twenty-fourth embodi- 
ment. The invention is applied to a stator for the 
dynamoelectric machine of the outer rotor type. The 
magnetic pole tooth 93 of each unit core 92 of the devel- 
oped core 91 has a joint portion 92a formed into a flat 
shape. The developed core used in conventional 
dynamoelectric machines of the outer rotor type 
includes the unit cores each formed into an arcuate 
shape. In the embodiment, however, since each unit 
core 92 has the flat joint portion 92a of each tooth 93, 
the yoke width YW is increased and accordingly, the 
sectional area of the yoke is increased at the portion 
where magnetic flux joins another magnetic flux to flow 
toward the tooth without changes in the entire size of 
the stator. Consequently, the magnetic resistance can 
be reduced. Additionally, the shape of the above- 
described developed core 91 utilizes as the joint portion 
92a the potion which is conventionally wasted away. As 
a result, the yield in punching the steel sheet can be 
improved. 

The flat joint portion 92a may arcuately be swollen 
as at 92b in FIG. 82 showing a twenty-fifth embodiment. 
Furthermore, each magnetic pole tooth 93 may have a 
protrusion 94 formed on the distal end thereof as shown 
in FIG. 83 as a twenty-sixth embodiment. 

FIGS. 84 to 87 illustrate a twenty-seventh embodi- 
ment. In the stator for the dynamoelectric machine of 
the outer rotor type, ends of the steel sheets 101a serv- 
ing as the unit cores 101 are overlapped with slippage 
for every one steel sheet. In this case, too, the steel 
sheets 101a are stacked with the sides thereof being 
reversed alternately. Consequently, the same effect can 
be achieved in the twenty-seventh embodiment as in the 
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twenty-first embodiment shown in FIGS. 67 to 71. 

FIGS. 88 to 94 illustrate a twenty-eighth embodi- 
ment. Referring to FIG. 88, the developed core 111 
comprises six unit cores 1 1 1 A to 1 1 1 F connected by the 
connecting portions 1 1 2. The unit core 1 1 1 A is discon- s 
nected from the unit core 1.11F. Each of the unit cores 
1 1 1 A to 1 1 1 F is formed by stacking a plurality of steel 
sheets and includes an arcuate unit yoke 113 and a 
magnetic pole tooth 1 1 4 with a rectangular section. 

The bobbin 1 15 is fitted with an outer face of each 10 
tooth 114. Each bobbin 115 includes a square cylindri- 
cal winding drum 115a having two frame-shaped 
flanges 115b and 115c formed integrally on both ends 
thereof, as shown in FIGS. 89 and 90. Each flange 1 15b 
has an outer circumferential face formed into an arcuate is 
portion 1 1 5d which has substantially the same shape as 
an inner circumferential face of the unit yoke 113. As 
shown in FIG. 88, each arcuate portion 1 15d is in close 
contact with the inner circumferential face of the corre- 
sponding unit yoke 113. Each bobbin 1 1 5 is made from 20 
a synthetic resin such as polypropylene, nylon or ABS. 

Referring to FIGS. 89 and 90, two terminal pins 
116a and 116b are mounted to an axial end face of 
each flange 1 1 5b so as to be located at the central arcu- 
ate portion and one end of the arcuate portion respec- 25 
tively. A coil 117 is wound on the drum 115a of each 
bobbin 1 15. A beginning end of the magnet wire 1 17a is 
wound on the terminal pin 116a and thereafter, the 
magnet wire 1 1 7a is wound on the drum 1 1 5a from the 
outer diameter side to the inner diameter side of the sta- 30 
tor core and from the inner diameter side to the outer 
diameter side alternately for every wound coil layer, as 
shown by arrows in FIG. 90. Consequently, the magnet 
wire 117a is wound on the drum 115a substantially 
stepwise. The other or terminal end of the magnet wire 35 
117a is wound on the terminal pin 116b. The magnet 
wire 1 1 7a is a strand and has a circular section. 

In FIG. 90, the reference symbols 1 to n designate 
a winding sequence of the magnet wire 11 7a. The 
number of turns of each layer designated by the odd 40 
number (k layer) and the number of turns of each layer 
designated by the even number ((k+1) layer) are set on 
the basis of the following equations (1) and (2): 

N-a(k-1)/2 

N-a(k-1)/2-1 (2) 

where k is a positive odd number, N is the number of 
turns of the first Layer (N= 1 0 in FIGS. 89 and 90), and a so 
is a natural number which is at or larger than 2 (a=3 in 
FIGS. 89 and 90). 

FIG. 91 shows the connection of the six coils 117. 
The beginning ends of the coils 1 17 constituting differ- 
ent phases are connected in common by connecting 55 
interconnecting wires (not shown) to the terminal pins 
116a. The coils 117 constituting the same phase are 
serially connected by connecting interconnecting wires 



(not shown) to the terminal pins 1 16b. 

The central arcuate portion of each flange 1 1 5b has 
a concave strand accommodating portion 115e posi- 
tionally corresponding to the terminal pin 116a. Each 
accommodating portion 115e has a width W approxi- 
mately equal to the diameter of the magnet wire 1 1 7a. 
The beginning end of each coil 1 1 7 is accommodated in 
the corresponding strand accommodating portion 1 15e. 
Accordingly, since the beginning end of each coil 1 17 is 
disposed at the axial end face side, each coil is trans- 
ferred from one layer to another at the axial end face 
side. 

Each magnetic pole tooth 114 has recesses 114a 
and .1 1 4b which are formed in the projecting end thereof 
to be located at the circumferential side faces respec- 
tively, as shown in FIG. 88. The flange 115c of each 
bobbin 115 has two pin insertion slots 1 15f as shown in 
FIGS. 89 and 90. U-shaped fall-off preventing pins 118 
are inserted through the pin insertion slots 115f of the 
flange 1 1 5c into the recesses 1 1 4a of each tooth 1 14 as 
shown in FIG. 92. The fall-off preventing pins 1 18 serve 
as fall-off preventing means in the invention. Each bob- 
bin 1 15 is prevented from falling off the tooth 1 14 by the 
fall-off preventing pins 1 18. 

The stator core shown in FIG. 93 is formed by 
rounding the developed core 1 1 1 and connecting the 
unit core 1 1 1 A to the unit core 1 1 1F by laser welding. 
The laser welding is applied to the outer circumferential 
portions (shown by in FIG. 93) of the unit cores 111A 
and 111F. Reference numeral 120 designates a yoke 
comprising a plurality of unit yokes 113. Reference 
numeral 121 designates generally trapezoidal or secto- 
rial slots located between the teeth 1 14. 

The flange 115c of each bobbin 115 has an outer 
side face formed into an arcuate portion 1 1 5g as shown 
in FIGS. 89 and 90. Each arcuate portion 115g has 
approximately the same curvature as the distal end face 
of each tooth 114 as shown in FIG. 88. A rotor 122 is 
accommodated in an inner diameter side space of the 
stator core 1 19 as shown by two dot chain line in FIG. 
94. An air gap between each arcuate portion H5g and 
the outer circumferential face of the rotor 122 is set at a 
predetermined minimum value. The rotor 122 com- 
prises a rotor core and a plurality of rotor magnets (per- 
manent magnets) mounted on the rotor core, neither of 
which is shown. 

The assembly of the stator will now be described. 
The coil 1 1 7 is wound on the drum 1 1 5a of each bobbin 
1 15. The beginning and terminal ends of each coil 117 
are wound on the terminal pins 1 16a and 1 16b respec- 
tively. In this state, each bobbin 1 1 5 is fitted with the cor- 
responding tooth 114 of the developed core 111. 
Thereafter, the fall-off preventing pins 118 are inserted 
through the pin insertion slots 1151 of the flange 115c 
into the recesses 1 1 4a of each tooth 1 1 4, whereby each 
bobbin 1 15 is prevented from falling off the correspond- 
ing tooth 114. The developed core 1 1 1 is then rounded 
along a circular jig or mandrel, and the unit core 1 1 1 A is 
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connected to the unit core 1 11 F by the laser welding. 

According to the above-described embodiment, 
each bobbin 1 15 is prevented from falling off the corre- 
sponding tooth 114. Thereafter, the developed core 1 1 1 
is rounded. Thus, each bobbin 115 is prevented from 
being displaced relative to and from falling off the corre- 
sponding tooth 114 during the assemblage. Conse- 
quently, since the rounding of the developed core 1 1 1 
and the connection of the unit cores 1 1 1 A and 1 1 1 F are 
smoothly carried out the assembly of the stator can be 
automatized and accordingly, the assembling efficiency 
can be improved. 

The fall-off preventing pins 118 are inserted 
through each bobbin 115 into the recesses 114a of 
each tooth 114 so that each bobbin 115 is prevented 
from falling off the corresponding tooth 114. Conse- 
quently, each bobbin 115 can be prevented from failing 
off readily and reliably. Furthermore, the unit core 11 1 A 
is connected to the unit core 1 1 1 F by the laser welding. 
Differing from an arc welding (TIG welding), the laser 
welding heats only a portion where the laser beam is 
irradiated. Accordingly, an amount of weld penetration 
of the base material is reduced in the laser welding as 
compared with the arc welding. Consequently, since 
approximately the same magnetic property of the steel 
sheet is maintained between the welded portion and the 
peripheral portion thereof, the motor can be rendered 
smaller in size and the motor torque can be increased. 

The flange 1 15c of each bobbin 1 15 is formed with 
the arcuate portion 1 15g. Accordingly, the gap between 
the arcuate portions 1 15g and the outer circumferential 
face of the rotor 122 can be set at the predetermined 
minimum value. This cannot be achieved when the 
flange 115c of each bobbin 115 is formed into a flat 
shape. As a result, a radial length of the drum 115a of 
each bobbin 115 is increased and accordingly, the 
number of turns of each coil 117 is increased. Conse- 
quently, the motor can further be rendered smaller in 
size and the motor torque can further be increased. 

In winding each coil 1 17 on the corresponding bob- 
bin 115, the numbers of turns of the magnet wire 1 1 7a 
are set on the basis of the equations (1) and (2). Each 
coil 117 is expanded toward the outer circumference 
substantially stepwise. Accordingly, when the invention 
is applied particularly to a three-phase six-pole stator, 
each coil 117 corresponds to the inner shape of the cor- 
responding slot 121 such that each slot 121 can effec- 
tively be utilized as an occupational space for the coil 
117. This can further reduce the size of the motor and 
increase the motor torque. 

The pair of terminal pins 116a and 116b are 
mounted on the outer circumferential portion of each 
bobbin 115 around which a sufficient space is ensured. 
The beginning ends of the coils 117 constituting differ- 
ent phases are connected in common by the connecting 
interconnecting wires to the terminal pins 116a. The 
coils 117 constituting the same phase are serially con- 
nected by connecting the interconnecting wires to the 
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terminal pins 116b. Thus, the space around each bob- 
bin 1 1 5 can efficiently be utilized for the ends of the coils 
117. 

Each terminal pin 1 16a is disposed at the circum- 

s ferentially central portion of the corresponding tooth 
114, and the beginning end of each coil 117 is accom- 
modated in the corresponding stand accommodating 
portion 115e. Accordingly, since the beginning end of 
each coil 117 is located at the axial end face side of the 

10 corresponding bobbin 115, each coil 117 is transferred 
from one layer to another at the axial end face side. 
Consequently, the transfer portion of each coil 117 can 
be prevented from being expanded in the slot 121. 
Thus, the interior of each slot can be utilized efficiently 

is such that each coil 1 17 is disposed in the slot 121 with 
high density. This can further reduce the size of the 
motor and increase the motor torque. 

Although the recesses 1 14a are formed in the pro- 
jecting end of the tooth 1 14 to be located at the circum- 

20 ferential side faces of the tooth respectively in the 
foregoing embodiment, the recess 1 1 4a may be formed 
in one circumferential side face of the tooth 114, 
instead, for example. In this case, an L-shaped fall-off 
preventing pin is preferably inserted through the bobbin 

25 115 into the recess 1 1 4a. 

FIGS. 95 and 96 illustrate a twenty-ninth embodi- 
ment. The differences between the twenty-eighth and 
twenty-ninth embodiments will be described. Each bob- 
bin 115 has fall-off preventing projections 115h formed 

30 integrally therewith. Each fall-off preventing projection 
serves as fall-off preventing means in the invention and 
is located on the inner side face of each flange 1 15c. 

According to the twenty-ninth embodiment, each 
coil 1 1 7 is wound on the drum 1 1 5a of the correspond- 

35 ing bobbin 115, and the ends of each coil 117 are 
wound to the terminal pins 1 16a and 1 1 6b respectively. 
Thereafter, when each bobbin 1 15 is fitted with the cor- 
responding tooth 114, each fall-off preventing projection 
1 15h is engaged with the recess 1 14a of the tooth 1 14 

40 such that each bobbin 1 15 is prevented from falling off 
the corresponding tooth 1 14. Accordingly, since the fall- 
off preventing pins 118 are eliminated, the number of 
parts can be reduced. Furthermore, since each bobbin 
1 15 is readily prevented from falling off, the assembling 

45 efficiency can be improved. 

Although the recesses 1 14a are formed in the pro- 
jecting end of the tooth 1 14 to be located at the circum- 
ferential side faces of the tooth respectively in the 
foregoing embodiment, the recess 1 1 4a may be formed 

so in one circumferential side face of the tooth 114, 
instead, for example. In this case, one of the fall-off pre- 
venting projections 115h of each flange 115c may be 
eliminated. 

FIG. 97 illustrates a thirtieth embodiment. The dif- 
55 ferences between the twenty-eighth and twenty-ninth 
embodiments will be described. Two magnetic wedges 
123 each made from green compact are embedded in 
each bobbin 1 15 by insert molding so as to be located 
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at the flange 115c. One end of each magnetic wedge 
123 is exposed at circumferential end of the flange 
1 15c, and the other end thereof inwardly extends in the 
slot 121. 

According to the above-described embodiment, 
each coil 117 is wound on the drum 1 15a of the corre- 
sponding bobbin 1 1 5, and the ends of each coil 1 1 7 are 
wound to the terminal pins 1 16a and 1 16b respectively. 
Thereafter, when each bobbin 1 15 is fitted with the cor- 
responding tooth 114, one end of each magnetic wedge 
123 is engaged with the recess 11 4a of the tooth 1 14 
such that each bobbin 115 is prevented from falling off 
the corresponding tooth 114. Accordingly, since the fall- 
off preventing pins 118 are eliminated, the number of 
parts can be reduced. Furthermore, since each bobbin 
1 15 is readily prevented from falling off, the assembling 
efficiency can be improved. Additionally, magnetic flux 
passing each tooth 114 is dissipated by the magnetic 
wedges 1 23 circumferentially with respect to the air gap. 
Consequently, since the torque ripple of the rotor 122 is 
reduced, a rotating characteristic of the rotor can be 
improved. 

FIG. 98 illustrates a thirty-first embodiment. The dif- 
ferences between the first and thirty-first embodiments 
will be described. The inner circumferential side flange 
1 15c of each bobbin 115 has inclined faces 1 15i formed 
to be located at both circumferential ends thereof. 

Each bobbin 115 is fitted with the corresponding 
tooth 114 after the coil 1 17 has been wound on each 
bobbin. Thereafter, when the developed core 111 is 
rounded, the inclined faces 1 15i of each bobbin 1 15 are 
brought into close contact with the inclined faces 1 1 5i of 
the adjacent bobbins 1 15 such that each bobbin 1 15 is 
prevented from falling of the corresponding tooth 114. 
Thus, the fall-off preventing pins 118 are eliminated and 
accordingly, the number of parts is reduced: Since the 
attachment of the fall-off preventing pins 118 is not 
required, the assembling efficiency is improved. Addi- 
tionally, since the inclined faces 1 15S of the bobbins 115 
are brought into contact with each other, an amount of 
contact between the bobbins 1 15 is increased. Conse- 
quently, the bobbins 1 15 can reliably be prevented from 
falling off. 

Although the inclined faces 1 15i are formed at both 
ends of each flange 1 15c in the embodiment, the ends 
of each flange 115c may be brought into contact with 
those of the flange of the adjacent bobbins with elimina- 
tion of the inclined faces, instead. 

FIGS. 99 to 101 illustrate a thirty-second embodi- 
ment. The differences between the twenty-eighth and 
thirty-second embodiments will be described. As shown 
in FIGS. 99 and 100, the circumferential edges of each 
unit yoke 113 have different cutting angles for every 
steel sheet so as to be formed with a retreated portion 
1 13a serving as the recessed portion and an advanced 
portion 113b serving as the protruding portion. The 
developed steel sheets formed as described above are 
stacked together with the sides thereof being reversed 



alternately for a predetermined number of steel sheets, 
for example, every one sheet. As a result, when the 
developed core is rounded, the ends 1 13a and 1 13b of 
the adjacent unit yokes 1 13 are overlapped in the direc- 
5 tion of stacking of the steel sheets so that overlapped 
portions 1 13c are formed as shown in FIG. 101 . In FIG. 
103, the unit core 1 1 1 D is hatched to be distinguished 
from the unit core 111C and does not represent any 
section. 

10 After each bobbin 1 1 5 has been fitted with the cor- 
responding tooth 114, the developed core ill is sub- 
jected to ultrasonic oscillation to thereby be rounded. 
The end 113b of each unit yoke 113 is inserted into a 
space between the ends 113a of the adjacent unit 

is yokes 113, whereby a plurality of overlapped portions 
113C are formed. In this state, the laser welding is 
applied to the unit core, 1 1 1 A and 1 1 1 F. Consequently, 
since the magnetic efficiency is improved as compared 
with the case where the unit cores 1 1 1 A to 1 1 1 F are not 

20 overlapped, the size of the motor can be reduced and 
the motor torque can be increased. 

Furthermore, the ultrasonic oscillation is applied to 
the developed core when the core is rounded. Accord- 
ingly, even when the sheet ends are abutted against 

25 each other between the overlapped portions 1 13C, the 
ends are displaced in the direction of stacking such that 
the overlapped portions 113C are reliably formed. Con- 
sequently, since the developed core is readily rounded, 
the assembling efficiency can be improved. 

30 Although each overlapped portion 113C has a 
straight cut edge in the thirty-second embodiment, the 
cut edge may be curved or crimped as shown in FIG. 
102 as a thirty-third embodiment. Since an amount of 
axially overlapped portion is increased between the 

35 overlapped portions 113C, the magnetic efficiency can 
further be increased. 

Although a number of developed steel sheets are 
stacked with the sides thereof being reversed alter- 
nately every one sheet in the thirty-second and thirty- 

40 third embodiments, the developed sheets may be 
stacked with the sides thereof being reversed alter- 
nately every two sheets as shown in FIG. 103 as a 
thirty-fourth embodiment, instead. 

The foregoing description and drawings are merely 

45 illustrative of the principles of the present invention and 
are not to be construed in a limiting sense. Various 
changes and modifications will become apparent to 
those of ordinary skill in the art. All such changes and 
modifications are seen to fall within the scope of the 

so invention as defined by the appended claims. 

Claims 



1. A stator for a dynamoelectric machine which 
55 includes a stator core formed by stacking a number 
of steel sheets (12a) each of which is punched into 
a form in which a plurality of arcuate portions are 
approximately linearly developed via connecting 
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portions (13a), and further bending at the connect- 
ing portions (13a) from a developed form into an 
arcuate form, characterized in that: 

the stator core is formed into an annular shape 
and composed of a developed core (12) formed 
by stacking a number of steel sheets (12a), 
each steel sheet (12a) corresponding to one 
round of the stator core and including a plurality 
of unit cores (13) each of which includes a unit 
yoke (14) and a magnetic pole tooth (15) and 
which are sequentially connected together by 
connecting portions (13a) integral with the 
respective unit yokes (14); and 
each unit yoke (14) has a circumferential end 
overlapping, in a direction of stacking of the 
steel sheets (12a), a circumferential end of the 
unit yoke (14) adjacent to said each unit yoke 
(14); and by 

a stator coil (18) wound on the magnetic pole 
teeth (15). 

2. A stator according to claim 1 , characterized in that 
each unit yoke (14) has an inner or outer circumfer- 
ential face including a flat face around a joint of the 
magnetic pole tooth (15). 

3. A stator according to claim 1 , characterized in that 
each coil (18) is wound on a bobbin (17) fitted with 
each magnetic pole tooth (15), and characterized 
by fall-off preventing means provided between each 
bobbin (17) and the corresponding magnetic pole 
tooth (15) for preventing each bobbin (17) from fall- 
ing off the corresponding magnetic pole tooth (15). 

4. A stator according to claim 3, characterized by a 
plurality of bobbins (17) each having respective 
flanges (17b, 17c) formed on magnetic pole tooth 
side ends thereof, each flange (17b, 17c) being 
brought into contact with the flange (17b, 17c) of 
the adjacent bobbin (1 7), thereby serving as falling- 
off preventing means for preventing each bobbin 
(17) from falling off the magnetic pole tooth (15). 

5. A stator according to claim 4, characterized in that 
the flange (17b, 17c) of each bobbin (17) has both 
circumferential ends having respective inclined 
faces (17bA), the inclined faces (17bA) being in 
contact with the inclined faces of the flange of the 
adjacent bobbin respectively. 

6. A method of making a stator for a dynamoelectric 
machine which includes a stator core formed by 
stacking a number of steel sheets (12a) each of 
which is punched into a form in which a plurality of 
arcuate portions are approximately linearly devel- 
oped via connecting portions (13a), and further 
bending at the connecting portions (13a) from a 



developed form into an arcuate form, characterized 
by the steps of: 

punching a number of steel sheets (12a), each 
5 steel sheet (12a) corresponding to one round 

of the stator core and including a plurality of 
unit cores (13) each of which includes a unit 
yoke (14) and a magnetic pole tooth (15) and 
which are sequentially connected together by 
10 connecting portions (13a) integral with the 

respective unit yokes (14); 
stacking the steel sheets (12a) into a devel- 
oped core (13); 

rounding the developed core (13) at the con- 
15 necting portions (13a) into an annular form, 

each unit yoke (14) having a circumferential 
end overlapping, in a direction of stacking of 
the steel sheets (12a), a circumferential end of 
the unit yoke (14) adjacent to said each unit 
20 yoke (14); and 

winding stator coils (18) on the respective mag- 
netic pole teeth (1 5) before or after the round- 
ing step. 

25 7. The method of claim 6, characterized in that each 
magnetic pole tooth (15) has a pair of protrusions 
(16) formed on both circumferential ends of a distal 
end thereof to further protrude in a direction of pro- 
trusion of each magnetic pole tooth (15) in the state 

30 of the developed core (1 3), and the coil (1 8) is fitted 
with each magnetic pole tooth (15) so as to pass 
the protrusions (16) and subsequently, the protru- 
sions (16) are bent sidewise. 

35 8. The method of claim 6, characterized in that each 
magnetic pole tooth (15) has a pair of protrusions 
(16) formed on both circumferential ends of a distal 
end thereof to protrude sidewise in the state of the 
developed core (13), the protrusions (16) are then 

40 bent in a direction of Protrusion (16) of each mag- 
netic pole tooth (15), the coil (18) is fitted with each 
magnetic pole tooth (15) so as to pass the bent pro- 
trusions (1 6) and subsequently, the protrusions (16) 
are bent sidewise. 

45 

9. The method of claim 6, characterized in that the 
developed core (13) is formed with a pair of notches 
(33) located at or in the vicinity of a bent portion of 
each protrusion (16). 

50 

10. The method of claim 6, characterized in that the 
developed core (13) is formed by overlapping at 
least first and second unit developed cores each 
formed by stacking the steel sheets to a predeter- 

55 mined thickness, that each magnetic pole tooth (1 5) 
has a pair of protrusions (16) formed on both cir- 
cumferential ends of a distal end thereof to further 
protrude in a direction of protrusion of each mag- 



13 



BNSDOCID: <EP 0871282A1J_> 



25 



EP0 871 282 A1 



26 



netic pole tooth (15) in the state of the developed 
core (13), and that' the paired protrusions (16) of 
each magnetic pole tooth (15) have lengths differ- 
ing from each other and further differing from each 
other between the first and second unit developed 5 
cores. 

11. The method of claim 6, characterized in that each 
magnetic pole tooth (15) has a pair of protrusions 
(16) formed on both circumferential ends of a distal 10 
end thereof to further protrude in a direction of pro- 
trusion of each magnetic pole tooth (1 5) in the state 

of the developed core (13), and that the paired pro- 
trusions (16) of each magnetic pole tooth (15) have 
lengths differing from each other and further differ- is 
ing from each other between the steel sheets (12a). 

12. The method of claim 8, characterized in that the 
paired protrusions (16) are bent by applying a guide 

jig (41 ) to a central distal end of each magnetic pole 20 
tooth (15), applying a pair of forming jigs (42) to 
both circumferential side end faces of each mag- 
netic pole tooth (15), and moving the forming jigs 
(42) in the direction of protruding of each protrusion 
(16) so that the paired protrusions (16) are brought 25 
down against both side faces of the guide jigs (41) 
respectively, whereby the protrusions (16) are bent 
in the direction of projection of each magnetic pole 
tooth (15). 

30 

13. The method of claim 12, characterized in that the 
guide jig (41) is tapered in the direction of protru- 
sion of each magnetic pole tooth (15). 

14. The method of claim 12, characterized in that the 35 
guide jig (41) has two push portions 41a) holding 
therebetween both side ends of each magnetic pole 
tooth (15) in the direction of stacking, and that the 
forming jigs (42) are moved in the direction of pro- 
truding of each magnetic pole tooth (15) under a 40 
condition where the guide jig (41) is applied to the 
central distal end of each magnetic pole tooth (15) 
and the side ends of each magnetic pole tooth (15) 
are held between the push portions (41a) of the 
guide jig (41). 45 

15. The method of claim 12, characterized in that the 
guide jig (41) has two push portions (41a) holding 
therebetween both side ends of each magnetic pole 
tooth (15) and ends or both protrusions (1 6) of each so 
magnetic pole tooth (15) in the direction of stacking 

of the steel sheets (12a), and that the forming jigs 
(42) are moved under a condition where the guide 
jig (41) is applied to the central distal end of each 
magnetic pole tooth (1 5) and the side ends of each ss 
magnetic pole tooth (15) and the ends of both pro- 
trusions (16) of each magnetic pole tooth (15) are 
held between the push portions (41a) of the guide 



jig (41). 

16. The method of claim 6, characterized in that each 
unit yoke (14) includes both edges having inclina- 
tions differing from each other and that the steel 
sheets (12a) are stacked with sides thereof being 
reversed alternately so that overlapped portions are 
formed in the direction of stacking. 

1 7. The method of claim 6, characterized in that the coil 
(18) is formed by rotating a coil winding shaft (20) 
so that a magnet wire (18a) is fed to be wound, that 

: a manner of feeding the magnet wire (1 8a) includes 
a pitch feed pattern wherein the magnet wire (18a) 
is moved at a pitch approximately same as the 
diameter of every one turn with the coil winding 
shaft (20) being stopped or reduced, and a lead 
feed pattern wherein the magnet wire (18a) is 
moved at a pitch approximately same as the outer 
diameter of the magnet wire (18a) for every one 
turn while the shaft (20) is in rotation, and that the 
magnet wire (1 8a) is wound in the pitch feed pattern 
in an initial winding stage. 

18. The method of claim 6, characterized in that the coil 
(18) is formed by rotating a coil winding shaft (20) 
so that a magnet wire (1 8a) is fed to be wound, that 
a manner of feeding the magnet wire (1 8a) includes 
a pitch feed pattern wherein the magnet wire (18a) 
is moved at a pitch approximately same as the 
diameter of every one turn with the coil winding 
shaft being stopped or reduced, and a lead feed 
pattern wherein the magnet wire (18a) is moved at 
a pitch approximately same as the outer diameter 
of the magnet wire (18a) for every one turn while 
the shaft is in rotation, and that the magnet wire 
(18a) is wound in the pitch feed pattern for initial 
first and second turns and final first and second 
turns of an overall wound coil layer, and otherwise, 
the magnet wire (1 8a) is wound in the lead feed pat- 
tern. 

1 9. The method of claim 6, characterized in that the coil 
is formed by rotating a coil winding shaft so that a 
magnet wire (18a) is fed to be wound, that a man- 
ner of feeding the magnet wire (18a) includes a 
pitch feed pattern wherein the magnet wire (18a) is 
moved at a pitch approximately same as the diam- 
eter of every one turn with the coil winding shaft 
being stopped or reduced, and a lead feed pattern 
wherein the magnet wire (1 8a) is moved at a pitch 
approximately same as the outer diameter of the 
magnet wire (18a) for every one turn while the shaft 
is in rotation, and that the magnet wire (18a) is 
wound in the pitch feed pattern for an entire first 
wound coil layer. 

20. The method of any one of claims 17 to 19, charac- 
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terized in that the coil (18) is wound into a rectangu- 
lar shape and the coil (18) is provided on each 
magnetic pole tooth (15) so that longer sides of the 
coils (18) are adjacent to each other, and that the 
coil (18) is stepped up to a subsequent coil layer at 
a short side thereof. 

21 . The method of claim 6, characterized in that the coil 
(18) is wound on each bobbin (17) and thereafter, 
each bobbin (17) is fitted with the corresponding 
magnetic pole tooth (15), whereby the coil (18) is 
wound on each magnetic pole tooth (15). 

22. The method of claim 21, characterized in that fall- 
off preventing means is provided between each 
bobbin (17) and the corresponding magnetic pole 

. tooth (15) for preventing each bobbin (17) from fall- 
ing off the corresponding magnetic pole tooth (15) 
and thereafter, the developed core (13) is rounded. 

23. The method of claim 22, characterized in that each 
magnetic pole tooth (15) has a recess (114a) 
formed in a circumferential side face thereof and 
that the fall-off preventing means comprises a fall- 
off preventing pin (118) inserted through the bobbin 
(17) into the recess (1 14a). 

24. The method of claim 22, characterized in that each 
magnetic pole tooth (15) has a recess (114a) 
formed in a circumferential side face thereof and 
that the fall-off preventing means comprises a fall- 
off preventing projection (115h) projecting from an 
inner face of the corresponding bobbin (17) to be 
engaged with the recess (1 14a) of each magnetic 
pole tooth (15). 

25. The method of claim 22. characterized in that each 
bobbin (1 7) has a magnetic wedge (123) formed on 
an inner circumferential portion thereof to project in 
a stator slot. 

26. The method of claim 25, characterized in that each 
magnetic wedge (123) includes an end serving as 
the fall-off preventing projection (115h) projecting 
from an inner circumferential face of the bobbin 
(17). 

27. The method of claim 6, characterized in that the 
developed core (13) has both ends laser-welded 
together. 

28. The method of claim 6, characterized in that each 
unit core (1 3) has both edges formed into the shape 
of a recess (113a) and the shape of a protrusion 
(113b) respectively, and that the steel sheets (12a) 
are stacked with the sides thereof being reversed 
for every predetermined number of steel sheets 
(12a), whereby the overlapped portions are formed. 



29. The method of claim 21 , characterized in that each 
bobbin (17) has an end opposed to a distal end of 
each magnetic pole tooth (15), the end being pro- 
vided with a flange with an outer side face formed 
5 into the shape of a salient pole. 
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